OBJECTIVE: To identify the age of adiposity rebound and the value of its associated BMI and examine their association with BMI at ages 18 and 21 y for males and females. DESIGN: A longitudinal study of a large cohort of people born in Dunedin, New Zealand between 1972 ± 1973. SUBJECTS: Four hundred and seventy-four males and 448 females aged between birth and 21 y. MEASUREMENTS: BMI was derived from measurements of weight and height made when the participants were born and at intervals from age 3 ± 21 y. RESULTS: When a random coef®cients model was ®tted to the data for those who had ®ve or more measures of BMI between age 3 and age 18 y, adiposity rebound occurred at 6.0 y of age for boys and 5.6 y for girls. The values of BMI associated with these were 15.7 kgam 2 for boys and 15.5 kgam 2 for girls. The correlations between age at adiposity rebound and BMI at ages 18 and 21 y were between 70.72 and 70.65 for boys and 70.59 and 70.47 for girls. These were higher than those derived from ®tting individual curves or from deriving the adiposity rebound from data collected up to age 11 y. The correlation between BMI at age 7 y and BMI at ages 18 and 21 y were 0.70 and 0.61 for boys and 0.56 and 0.52 for girls. The correlations between measures of skeletal maturity at age 7 y and adiposity rebound were statistically signi®cant for boys but not for girls. CONCLUSIONS: BMI in early adulthood was associated with both age of adiposity rebound and BMI at that age. As the correlations between BMI at age 7 y and BMI at ages 18 and 21 y were similar in magnitude, BMI at age 7 y may be a more practical way of predicting BMI in early adulthood.
Introduction
Because of the association between obesity and coronary heart disease, diabetes and hypertension, all leading causes of death in adulthood, its onset in childhood is of interest to many. A number of studies have examined the correlations between body mass index (BMI) in childhood and adulthood. Others have used cut off scores to examine the predictive value of being overweight in childhood for being overweight as adults. 1 More intriguing are studies which have examined the pattern of growth and suggested that the adiposity rebound in children was a simple indicator for predicting obesity. Body mass index increases in infancy and then decreases reaching a nadir in childhood at around age 6 y before increasing again and continuing to increase until early adulthood. The earlier the nadir occurred the more likely the children were to be obese as adults.
When this method was ®rst proposed in 1984
2 the statistical analysis was relatively straight forward, the authors using analysis of variance to show that those with advanced, average or delayed adiposity rebound had signi®cantly different levels of BMI from age 7 y onwards for boys and from age 6 y for girls. At the same time this association was shown to be independent of adiposity at age 1 y. Subsequent work shows that adiposity rebound was associated with subscapular skinfold thickness and that its predictive value lasted until adulthood. 3 A more complex form of analysis was carried out in another study. 4 In this case individual curves based on either three or four parameter polynomials were ®tted to each individual's data. From these the age at which each individual reached their nadir was derived and correlated with the observed BMI at age 18 y. In this study correlations between age at adiposity rebound and BMI at age 21 y were 70.46 for boys and 70.54 for girls, con®rming the association between adiposity rebound and later obesity.
Data collected from a relatively large sample of children enrolled in the Dunedin Multidisciplinary Health and Development Unit from the age of 3 y provided an opportunity to repeat these studies using a random coef®cients model as well as ®tting curves to an individual's data to examine the association between adiposity rebound and BMI at age 18 and 21 y. It also provided a chance to ®nd out whether the association between age of adiposity rebound and its associated BMI and later measurements of BMI were in¯uenced by the data included in the model. Two measures of skeletal maturity were also available.
Methods

Sample
The sample included those enrolled in the Dunedin Multidisciplinary Health and Development Study. The cohort were born between 1st April 1972 and 31st March 1973 at the Queen Mary Hospital, Dunedin. This was Dunedin's only obstetric hospital and the mothers of the children resided in the metropolitan area. At the time of their third birthday 1139 children were traced and consent was given for 1037 of them to participate in this study. The children were seen at two yearly intervals until they were 15 y and then at ages 18 and 21 y as close to their birthday as possible. Every ®fth child was invited to attend the study centre at the time of their fourth and sixth birthday. There has been some attrition, and because not all the children were able to attend the study centre the data are not complete. Despite this the sample seen at various ages is thought to be representative of the original cohort in terms of sex and socio-economic status. The cohort is economically advantaged compared with New Zealand as a whole, and under representative of Maori and other Polynesian people. It does never the less include people from a wide range of abilities and social circumstances. It has been described in detail elsewhere. 5 Stature was measured to the nearest millimetre using a portable Harpenden Stadiometer. Weight was recorded to the nearest 0.1 kg using a Lindell Beam Balance, the participants being weighed in light clothing.
As part of the participants' 7 y assessment a single postanterior radiograph of the left hand and wrist were taken. Each ®lm was read by one person using the TW2, 20 bone scoring system. The radius-ulna-short (RUS) score was also calculated. 6 
Statistical methods
Individual curves of the form
were ®tted to the logarithmic transformed serial measures of BMI for participants who had measures recorded at ages 4 or 6 y as this period was thought to be critical. Excluding the cubic term was considered if it were not signi®cantly different from zero. A random coef®cients model was ®tted to data from those who had measures at 4 or 6 y as well as all those who had ®ve or more measures of weight and height between the ages of 3 and 18 y. The model was of the form y XB Zb e where B is the unknown vector of ®xed effects for all the data, and b consists of the different random coef®cients for each of the individuals. The particular form of the model used here was two separate cubic polynomials on age for males and females plus a different cubic effect for each individual.
For this study the model can be expressed more simply in the following form for an individual
The minimum age and minimum value of BMI were derived in the following way
Fitting curves to data from individuals assumes that each observation is independent in the statistical sense which is not the case as observations from the same individual are likely to be correlated. A random coef®-cients model assumes that there is an underlying variance-covariance structure and estimates this from the data. In practice this means that curves can be estimated for individuals where data are missing and the curves are less in¯uenced by one or two outlying points.
Results
The means and standard deviations for BMI from birth to age 21 y for males and females included in this study are presented in Table 1 . These show that between ages 3 and 7 y BMI decreases, but increases from age 7 y onwards. The data also show that means and standard deviation for BMI increased as the cohort reached adulthood. The correlations between BMI in childhood and BMI at ages 18 and 21 y are also presented in Table 1 . Apart from the correlation between BMI at birth and BMI at age 21 y all the correlations were statistically signi®cant. Although part of the analysis was limited to the systematic sample which included measures at 4 and 6 y, the data for this group are not presented as the results were similar to those for the whole sample.
Five or more data points were available for 102 males and 92 females who had weight and height recorded at the age of 4 or 6 y. It was possible to ®t Adiposity rebound and later BMI S Williams et al individual cubic (4 parameters) or quadratic (3 parameters) models for 61 males and 60 females. Cubic curves, where the inclusion of the age 3 term was statistically signi®cant, were ®tted to the data from 35 males and 45 females and quadratic models to data for 26 males and 15 females. In general the cubic models provided a better ®t; the mean residual square error for boys and girls was 0.0012 with a standard deviation of 0.007 showing that most of the curves ®tted the data reasonably well. Because the residual square error for the quadratic curves was larger, 0.0015 (s.d. 0.0008), a cubic term was included for a further 13 females and 23 males. Therefore cubic curves for 58 males and 58 females were used to derive the age of adiposity rebound. The means and standard deviations for both the age of adiposity rebound and its associated BMI are presented in Table 2 . Data for ®ve individuals were excluded because it was not possible to derive the age of adiposity rebound. Also presented are the correlations between age at adiposity rebound and minimum BMI and BMI at ages 18 and 21 y.
A random coef®cients model involves two parts. The ®rst part is common to particular groups included in this study. The curves for males and females are presented in Figure 1 . These show that on average the adiposity rebound occurs at 6.3 y for boys and 5.6 y for girls. The values for BMI were 15.8 kgam 2 for boys and 15.6 kgam 2 for girls. This ®gure also shows that BMI increases more quickly for girls in early adolescence and that boys and girls attain BMIs of a similar magnitude at around age 21 y.
The second part of the random coef®cients model adds small perturbations to the overall curve for each individual. Figure 2 shows both the curve derived from the random coef®cient model and that derived from ®tting a cubic term to the data for one female. In this case the curves are similar both producing a nadir when she was aged 6.7 y. Figure 3 shows the same curves for one of the males. In this case the curves are quite different, because there is only one data point after the age of 11 y and the curve from the random coef®cients model uses data from the other males in the study to predict BMI at ages 18 and 21 y. Using Table 2 . The correlations for both males and females were statistically signi®cant, those for the random coef®cients model being higher than those derived from individual cubic model curves.
Random coef®cients models made it possible to ®t curves for most of the sample. The mean and standard deviation age for adiposity rebound and the minimum BMI are shown in Table 2 . The ®xed effect part of the model showed that the age of adiposity rebound was 6.0 y for boys and 5.7 y for girls. The associated BMI values were 15.7 kgam 2 for boys and 15.5 kgam 2 for girls. The correlation between the age of adiposity rebound for each individual and the associated BMI and BMI at ages 18 and 21 y are also shown. The correlation between BMI at the nadir and BMI at age 7 y was 0.93 kgam 2 for boys and 0.92 kgam 2 for girls. BMI at age 21 was excluded from the model to ®nd out how much including this in¯uenced the estimates of the age at adiposity rebound and minimum BMI. The ages of adiposity rebound for the ®xed effect part of the model were 6. respectively. Finally, we examined the association between the age at adiposity rebound using the systematic sample and data collected between the ages of 3 and 11 y. The age of adiposity rebound occurred 3±4 months later for boys and a year later for girls when compared with the random coef®cients model which used data up to age 21 y. The minimum BMI was similar to that obtained from the other models for both boys and girls. The correlations with BMI at ages 18 and 21 y were smaller for age at adiposity rebound but similar for minimum BMI. 
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Bone age measurements were available for 392 males and 369 females. The correlations between these and age at adiposity rebound, minimum BMI and BMI at age 7 y are shown in Table 3 . Apart from the correlations between age at adiposity rebound all the correlations were signi®cant (P`0.01). The difference between the correlations for males and females between the bone measures and age at adiposity rebound was also signi®cant (P`0.01).
Discussion
The purpose of this study was to replicate and extend the analysis of the Fels study. 4 Our study was limited by having annual rather than semi annual measurements in the critical period. Despite this our ®ndings are broadly comparable with those of others.
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Using the same methods as those used in the Fels longitudinal study the age of adiposity rebound was found to be 6.3 y for boys and 6.1 y for girls compared with 5.13 y for boys and 5.34 y for girls. 4 The differences may be because height and weight were measured annually rather than semi annually in the critical period as in the Fels study, and at even wider intervals after the age of 7 y. Cohort effects or secular trends are also possible because those included in the Fels study were born between 1929 and 1960 rather than in the early 1970s. respectively. Other studies examining the age of adiposity rebound in a less formal way have suggested that it occurs between the ages of 6 and 8 y.
A more recent study of people born between 1965 and 1971 found that the age of adiposity rebound was 5.4 y for females and 5.8 y for males. This study was set within a Group Health cooperative and included those who had height and weight measures in early childhood and at least one out patient visit after the age of 21 y.
The correlations between age at adiposity rebound and BMI at age 18 y were of a similar magnitude in both our study and the Fels study 70.46 for boys and 70.54 for girls in the Fels study compared with 70.59 and 70.39 in the Dunedin study. The correlations between BMI at this time and BMI at age 18 y were 0.51 and 0.58 in the Fels study and 0.61 and 0.39 in our study. In our study the correlations between BMI at age 7 y and BMI at age 18 y were 0.70 for males and 0.56 for females which are consistent with those for the Centre International de l'Enfance, Paris where correlations between age 7 y and adulthood were found to be 0.65 for males and 0.58 for females. 9 The very low correlation between birth weight and later measures of BMI at ages 18 and 21 y are also consistent with other studies which have found that infant BMI was not associated with adult BMI. 10 Using a random coef®cients model made it possible to ®t growth curves for more of the data. Although we have chosen to present the results for those who had ®ve or more measures between the ages of 3 and 21 y it was theoretically possible to include those with a single measure in the model. The age of adiposity rebound was signi®cantly lower when comparisons were made between the 58 people it was possible to include in the random coef®cients model and also ®t individual curves. The correlations with later measures of BMI were, however, somewhat higher than those derived from ®tting individual curves. The mean of the minimum value for BMI was very similar whichever method was used as were the correlations between it and later measures of BMI. It also seems that age at adiposity rebound was similar whether or not BMI at age 21 y was included in the model. The association between age at adiposity rebound and later BMI was also consistent with BMI reference charts based upon a reference sample of children from the United Kingdom. These show that the timing of the low point occurred earlier in those on the higher centiles. 11 It was possible that the derivation of the age of adiposity rebound was in¯uenced by including later measures of BMI. When measures collected after age 11 y were excluded and the age of adiposity rebound was derived from the systematic sample it was found to occur between 6.5 and 7 y for both males and females. The correlation with later measures of BMI were found to be weaker than those in which BMI at ages 18 and 21 y were included in the derivation of age of adiposity rebound.
A number of studies have shown that high scores on weight for height indices such as BMI and ponderal index in childhood predict over weight or obesity in adults. Data from the Fels study, for instance, showed that those above the higher centiles for BMI were more likely to be over weight as age 35 y than those with BMIs in the lower centiles. 1 Data from the Bogalusa Study also show strong associations between weight for height indices in children and BMI in the same people 10 y later. 12 This study shows signi®cantly different correlations between measures of skeletal maturity at age 7 y and age of adiposity rebound for males and females, the association being stronger for males. This is in part Adiposity rebound and later BMI S Williams et al consistent with the ®ndings from the French study which showed males with delayed age at adiposity rebound had lower bone age from age 6 months to age 16 y though the differences were not statistically signi®cant at ages 6 and 8 y. The effect was not as evident in girls and the differences were not statistically signi®cant until they reached the age of 8 y. 2 It has been argued that adiposity rebound is a simple indicator for predicting obesity because by the time they reach the age of 6 y or perhaps 8 y most individuals have joined the centile channel they will follow into adulthood. 2, 7, 12 While identifying the nadir may be of scienti®c interest, how practical it is can be questioned as records of height and weight are not necessarily collected at regular intervals in early and middle childhood. Even if they are, children's weight may¯uctuate making it dif®cult to identify the nadir until it is passed. Although curves such as those illustrated in Figures 2 and 3 ®t to the data well in a statistical sense they may miss the nadir for a particular individual even if more measurements were available. Unless very frequent measures are available, however, ®tting a curve provides the best estimate of the nadir and our results suggest that the means provided by our data are very similar to those in the Fels study where more frequent measures were available.
Our study shows that although BMI at age 7 y was not especially strongly associated with age at adiposity rebound the correlation between minimum BMI and BMI at age 7 y was 0.92 for girls and 0.93 for boys. It also shows that the correlation between BMI at age 7 y and age 18 y was 0.70 for males and 0.56 for females, which were comparable with those between age at adiposity rebound and BMI at age 18 y. The correlations between BMI at age 7 y and age of adiposity rebound and the measures of skeletal maturity are similar in magnitude suggesting that skeletal measures provide support for the validity of each measure. It seems therefore that if people are concerned with preventing being overweight and obesity in early adulthood using BMI at age 7 y may be an acceptable and more straight forward alternative to estimating the age of adiposity rebound. Our results also suggest that the age of adiposity rebound may be nearer 7 y when measures collected after age eleven are excluded. Body mass index reference charts as well as conditional reference charts are available 11, 13 and can be used to address concerns about individuals.
It is easy to suggest that age at adiposity rebound or BMI at age 7 y could be used for screening purposes, but we should be mindful of the internationally accepted criteria regarding screening.
14 While there is no doubt that obesity in adulthood is signi®cant its history is not fully understood. The results from a number of studies show that obesity in adults is related to obesity in children and it has been suggested that most children follow their centile channel after the age of 7 y so it is tempting to believe that measuring BMI in middle childhood would be a simple acceptable screening test. It has, however, been argued that caution should be exercised in the interpretation of early and late rebound as adiposity in early life may be unstable. 7 As there is no proven intervention, and preoccupation with body size might even be regarded as harmful, using BMI at age 7 y does not meet the criteria for an acceptable screening programme. This does not, however, preclude offering treatment in the form of advice about diet and exercise or behaviour therapy for those whose physicians believe they would bene®t. 15 
Conclusions
This study shows that the age of adiposity rebound in a population sample of people born in the early 1970s is similar to that of cohorts born earlier in the century. The association between it and its associated BMI are similar to those found in those studies. It is possible however that the age of adiposity rebound and its association with later measures of BMI depend upon the time period used for its derivation. As the correlations between BMI at age 7 y and BMI at ages 18 and 21 y are of the same magnitude as those between age of adiposity rebound and later measures, BMI at age 7 y may be a more straight forward way of assessing obesity in middle childhood.
